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Description

TECHNICAL FIELD OF THE INVENTION

[0001] The presentinvention relates, in general, to the
field of Electronic Countermeasures (ECMs) and, in par-
ticular, to Directed Infrared Countermeasure (DIRCM)
systems (sometimes also referred to as Directional In-
frared Countermeasures).

BACKGROUND ART

[0002] Asisknown, DIRCM systems are used to defeat
infrared (IR) guided missiles, such as those ones
launched by man-portable air-defense systems (MAN-
PADS). In particular, a DIRCM system is an active IR
countermeasure system designed to be effective against
IR seekers of IR-guided missiles (typically, the so-called
first three generations of IR seekers).

[0003] Typically, a DIRCM system is designated to a
specific target by a Missile Warning System (MWS),
which keeps sending an updated list of detected threats
(said list reporting a coarse estimation of a direction of
arrival of each detected threat). Once activated, a DIRCM
system tries to deceive the IR seeker of an approaching
IR-guided missile so as to steer the latter away from its
target by means of a narrow laser beam, thatis constantly
kept on the missile and is modulated according to a jam-
ming code related to the seeker’s generation(s) which
the DIRCM system is designed to be effective against.
[0004] A DIRCM system typically comprises a tracking
unit (or tracker), a laser unit and an electronic control
unit, wherein:

* the tracker is operable to track an approaching mis-
sile (to this end, the tracker conveniently includes an
IR imaging device);

e the laser unit is operable to emit a jamming laser
beam towards the approaching missile (typically, an
IR laser beam modulated according to a predefined
frequency jamming code such that to inject spurious
signals into the seeker’s IR detector of the approach-
ing missile, thereby deceiving missile’s IR seeker
thus causing the missile to steer away from the plat-
form on which said DIRCM system is installed (typ-
ically an aircraft)); and

* the electronic control unit is configured to control op-
eration of the whole DIRCM system and communi-
cate with an on-board command and control system
of the platform.

[0005]
to:

More in detail, the tracker is typically configured

» start tracking a (potential) threat signaled by an on-
board MWS of the platform;

* checking whether the signaled threat is an actual
approaching missile; and,
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* if the signaled threat is an actual approaching mis-
sile, activate the laser unit and keep it constantly
pointed at the approaching missile so as to keep said
approaching missile constantly under the illumina-
tion of the jamming laser beam.

[0006] Typically, the tracker and the laser unit are in-
tegrated into a steerable turret, which is operable by the
tracker to achieve the requested pointing.

[0007] An example of known DIRCM system is provid-
ed in US 2007/0075182 A1, that discloses a DIRCM sys-
tem for use on an aircraft to track and jam a missile having
an IR missile seeker.

[0008] In particular, the DIRCM system according to
US 2007/0075182 A1 comprises:

e apointer-tracker mounted on the aircraft, said point-
er-tracker having a detector and a Roll/Nod gimbal
thatincludes optics for collecting incident IR radiation
and routing it to the detector and an IR laser trans-
mitter mounted thereon;

* an IR laser optically coupled to the laser transmitter;
and

* a missile warner including a receiver that detects a
likely missile launch and passes the threat coordi-
nates to the pointer-tracker.

[0009] In detail, the pointer-tracker according to US
2007/0075182 A1 slews the gimbal to the threat coordi-
nates to initiate tracking and then processes the data
from its detector to refine tracking of and verify the threat,
and, if verified, engages the IR laser to emit a modulated
IR laser beam through the laser transmitter to jam the IR
missile seeker.

[0010] Inorderfora DIRCM system to be effective, the
following general requirements should be met:

* the DIRCM system should guarantee the most ex-
tended visibility region in order to be designated on
targets approaching from any direction of arrival;

e upon reception of an alarm from the MWS, the
DIRCM system shall guarantee the minimum time
to get its laser onto the target;

e during jamming, the DIRCM system shall guarantee
its laser to be on target during the whole jamming
codereplicationin orderto allow all the jamming code
frequencies to reach the engaged seeker.

[0011] Nowadays, typical DIRCM installations are
based on single turret configurations or, in case of large
platforms, on multiple independent turret configurations,
wherein this latter configuration type is used to extend
the countermeasure field of regard (FOR) all around the
installation platform, assigning to each turret a respective
specific sector, every single turret being activated only if
a threat is detected in its respective specific sector.

[0012] Single turret DIRCM configurations could lead
to have large blind zones around the installation platform
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where approaching threats are not countered at all. In
fact, the FOR of a single turret DIRCM system does not
depend only on the DIRCM system itself, but also on the
installation platform, which always masks several por-
tions of the theoretically-achievable coverage area, even
when considering the most extended possible FOR for
the single turret DIRCM system.

[0013] Moreover, single turret DIRCM configurations
are limited to protecting a platform against one threat at
a time.

[0014] In orderto overcome FOR-related limitations of
single turret DIRCM configurations, multiple independent
turret DIRCM configurations can be used. In particular,
this configuration type is exploited to reduce blind zones
around large platforms. However, multiple turret DIRCM
systems typically lack coordination among the several
turrets and this lack of coordination does not allow to
counter more than one threat per sector at a time. In
particular, in this kind of configurations, the need to as-
sign a specific sector to each turret mainly derives from
the lack of a protection mechanism guaranteeing non-
destructive interference between different laser beams.
[0015] In this connection, Figure 1 shows an example
of field of regard coverage achievable with a twin turret
DIRCM configuration installed on an aircraft (denoted as
a whole by 1). In particular, Figure 1 is a bottom view of
the aircraft 1, which is equipped with two DIRCM turrets
11 and 12, each designed to counter threats in a respec-
tive azimuth sector 111/112, wherein said azimuth sec-
tors 111 and 112 fully cover the 360° azimuth spanning
and overlap in two common regions 113 and 114.
[0016] In a traditional approach, no double threat as-
signment is allowed in the two common regions 113 and
114. In fact, threats detected in said common region 113
and 144 are simply assigned to the nearest turret.
[0017] The reason for not allowing any assignment of
one and the same threat to both the turrets 11 and 12 is
to avoid destructive interference between the lasers of
the two turrets 11 and 12, which destructive interference
would cancel the jamming effect on the target’s seeker.
[0018] The biggest drawback of this approach is that
there is no threat handover management when a target
passes from the FOR of one turret to the other (such as
when the aircraft 1 performs a maneuver).

OBJECT AND SUMMARY OF THE INVENTION

[0019] An object of the present invention is, thence,
that of overcoming, at least in part, the above drawbacks
of the current multiple turret DIRCM systems.

[0020] This and other objects are achieved by the
present invention in that it relates to a DIRCM system
and a related method of operation, as defined in the ap-
pended claims.

[0021] In particular, the present invention concerns a
method of operation of a DIRCM system for protecting a
platform against IR-guided missiles, wherein said
DIRCM system comprises a plurality of DIRCM subsys-
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tems operable to track and jam IR-guided missiles, and
wherein the DIRCM subsystems comprise a first DIRCM
subsystem and a second DIRCM subsystem, that are
installed on the platform so that:

* said first DIRCM subsystem is operable to track and
jam IR-guided missiles in a first coverage region;

¢ said second DIRCM subsystem is operable to track
and jam IR-guided missiles in a second coverage
region; and

* both said first and second DIRCM subsystems are
operable to track and jam IR-guided missiles in an
overlap region, which includes a first handover sub-
region adjacent to the first coverage region and a
second handover sub-region adjacent to the second
coverage region.

[0022] The method comprises:

» ifafirstmissileisin the firstcoverage region, carrying
out a first tracking and jamming operation including
tracking and jamming said first missile by the first
DIRCM subsystem:;

* if the first missile moves from the first coverage re-
gion to the overlap region, carrying out a first overlap
operation including

- keeping carrying out the first tracking and jam-
ming operation, and

- starting tracking said first missile also by the sec-
ond DIRCM subsystem; and,

* if the first missile in the overlap region enters the
second handover sub-region, carrying out a first
handover operation including

- keeping tracking said first missile by the second
DIRCM subsystem,

- startingjamming said first missile by said second
DIRCM subsystem, and

- stopping carrying out the first tracking and jam-
ming operation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] Forabetter understanding of the presentinven-
tion, preferred embodiments, which are intended purely
by way of example and are not to be construed as limiting,
will now be described with reference to the attached
drawings (not to scale), where:

e Figure 1 shows an example of field of regard cover-
age achievable with a twin turret DIRCM configura-
tion installed on an aircraft;

e Figure 2 schematically illustrates a DIRCM system
according to a preferred embodiment of the present
invention;

e Figure 3 shows an example of field of regard cover-



5 EP 3 081 895 A1 6

age exploitable with the DIRCM system of Figure 2,
which field of regard coverage is divided into different
regions according to a preferred embodiment of an
aspect of the present invention; and

*  Figures 4-6 illustrate an example of operational sce-
nario of the DIRCM system of Figure 2.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS OF THE INVENTION

[0024] The following discussion is presented to enable
a person skilled in the art to make and use the invention.
Various modifications to the embodiments will be readily
apparent to those skilled in the art, without departing from
the scope of the present invention as claimed. Thus, the
present invention is not intended to be limited to the em-
bodiments shown and described, but is to be accorded
the widest scope consistent with the principles and fea-
tures disclosed herein and defined in the appended
claims.

[0025] The present invention concerns a DIRCM sys-
tem and a related method of operation. In particular, the
DIRCM system according to the present invention is de-
signed to protect a platform (such as land platform or
vehicle, an avionic platform, or a naval unit) against in-
frared-guided missiles, and comprises two or more
DIRCM subsystems operable to track and jam IR-guided
missiles, wherein said DIRCM subsystems comprise a
first DIRCM subsystem and a second DIRCM subsystem,
that are installed on the platform so that:

* said first DIRCM subsystem is operable to track and
jam IR-guided missiles in a first coverage region;

* said second DIRCM subsystem is operable to track
and jam IR-guided missiles in a second coverage
region; and

*  both said first and second DIRCM subsystems are
operable to track and jam IR-guided missiles in an
overlap region, which includes a first handover sub-
region adjacent to the first coverage region and a
second handover sub-region adjacent to the second
coverage region.

[0026] In detail, the method of operation according to
the present invention comprises:

* ifafirstmissileisinthefirst coverage region, carrying
out a first tracking and jamming operation including
tracking and jamming said first missile by the first
DIRCM subsystem;

e if the first missile moves from the first coverage re-
gion to the overlap region, carrying out a first overlap
operation including

- keeping carrying out the first tracking and jam-
ming operation, and

- startingtracking said first missile also by the sec-
ond DIRCM subsystem; and,
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* if the first missile in the overlap region enters the
second handover sub-region (while it is being
tracked and jammed by the first DIRCM subsystem
and (only) tracked by the second DIRCM subsys-
tem), carrying out a first handover operation includ-

ing

- keeping tracking said first missile by the second
DIRCM subsystem,

- startingjamming said first missile by said second
DIRCM subsystem, and

- stopping carrying out the first tracking and jam-
ming operation.

[0027]
cludes:

Preferably, the first DIRCM subsystem in-

» first tracking means operable to track infrared-guid-
ed missiles in the first coverage region and in the
overlap region; and

e first laser means operable to emit laser beams to
jam infrared-guided missiles in the first coverage re-
gion and in the overlap region.

[0028] Moreover, the second DIRCM subsystem pref-
erably includes:

* second tracking means operable to track infrared-
guided missiles in the second coverage region and
in the overlap region; and

e second laser means operable to emit laser beams
to jam infrared-guided missiles in the second cover-
age region and in the overlap region.

[0029] Furthermore, the first tracking and jamming op-
eration preferably includes:

e tracking the first missile by the first tracking means;
and

e emitting a first laser beam aimed at the first missile
by the first laser means thereby jamming said first
missile.

[0030] Additionally, the first overlap operation prefer-
ably includes starting:

e tracking the first missile by the second tracking
means; and

* emitting a second laser beam by the second laser
means, wherein said second laser beam is not aimed
at said first missile.

[0031]
includes:

Again preferably, the first handover operation

*  keeping tracking the first missile by the second track-
ing means; and
e aiming the second laser beam at the first missile
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thereby starting jamming said first missile by the sec-
ond laser means.

[0032] More preferably, the first laser beam is modu-
lated according to a firstjamming code, and the first over-
lap operation includes starting emitting a second laser
beam that is modulated according to said first jamming
code and is synchronized with said first laser beam.
[0033] Conveniently, the first overlap operation is car-
ried out only if the second DIRCM subsystem is not coun-
tering any missile.

[0034] Again conveniently, the method of operation
further comprises:

* if the first missile moves from the first coverage re-
gion to the second coverage region,

- stopping carrying out the first tracking and jam-
ming operation, and

- starting tracking and jamming said first missile
by the second DIRCM subsystem.

[0035] Preferably, the method of operation further
comprises:

* ifasecond missile is in the second coverage region,
carrying out a second tracking and jamming opera-
tion including tracking and jamming said second mis-
sile by the second DIRCM subsystem;

» if the second missile moves from the second cover-
age region to the overlap region, carrying out a sec-
ond overlap operation including

- keeping carrying out the second tracking and
jamming operation, and

- starting tracking said second missile also by the
first DIRCM subsystem; and,

* ifthe second missile in the overlap region enters the
first handover sub-region (while it is being tracked
and jammed by the second DIRCM subsystem and
(only) tracked by the first DIRCM subsystem), car-
rying out a second handover operation including

- keeping tracking said second missile by the first
DIRCM subsystem,

- startingjamming said second missile by said first
DIRCM subsystem, and

- stopping carrying out the second tracking and
jamming operation.

[0036] More preferably, the second tracking and jam-
ming operation includes:

* tracking the second missile by the second tracking
means; and

e emitting a third laser beam aimed at the second mis-
sile by the second laser means thereby jamming said
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second missile.

[0037] Moreover, the second overlap operation pref-
erably includes starting:

e tracking the second missile by the first tracking
means; and

e emitting a fourth laser beam by the first laser means,
wherein said fourth laser beam is not aimed at said
second missile.

[0038] Additionally, the second handover operation
preferably includes:

* keeping tracking the second missile by the first track-
ing means; and

e aiming the fourth laser beam at the second missile
thereby starting jamming said second missile by the
first laser means.

[0039] More and more preferably, the third laser beam
is modulated according to a second jamming code, and
the second overlap operation includes starting emitting
a fourth laser beam that is modulated according to said
second jamming code and is synchronized with said third
laser beam.

[0040] Conveniently, the second overlap operation is
carried out only if the first directed infrared countermeas-
ure subsystem is not countering any missile.

[0041] Again conveniently, the method of operation
further comprises:

e if the second missile moves from the second cover-
age region to the first coverage region,

- stopping carrying out the second tracking and
jamming operation, and

- starting tracking and jamming said second mis-
sile by thefirst directed infrared countermeasure
subsystem.

[0042] Preferably, the DIRCM system comprises a
managing unit, that is:

e coupledtoa MWS installed on the platform toreceive
threat-related data indicating a threat scenario; and

* configured to coordinate activation and operation of
the DIRCM subsystems on the basis of the received
threat-related data.

[0043] More conveniently, the managing unit is pro-
grammed to operate the DIRCM subsystems on the basis
of:

* the threat scenario indicated by the received threat-
related data;

e a current state of the DIRCM subsystems; and

* a predefined designation logic indicating, for a pre-
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defined set of threat scenarios and directed infrared
countermeasure subsystem states, corresponding
ways of operating the DIRCM subsystems.

[0044] In the following, only for the sake of description
simplicity and, thence, without losing generality, a pre-
ferred embodiment of the present invention will be de-
scribed in detail by making explicit reference to a DIRCM
system installed on an aircraft and comprising only two
DIRCM subsystems (turrets). Anyway, it is important to
stress the point that the present invention can be advan-
tageously exploited, without any substantial modification,
with any number of subsystems (turrets) higher than two,
and on board platforms of any type, such as:

* land platforms or vehicles, conveniently of the mili-
tary type (e.g., armoured military vehicles, tanks,
mine-clearance vehicles, armed land vehicles, etc.);

e avionic platforms, conveniently of the military type
(e.g., aircrafts, helicopters, drones, etc.); and

¢ naval units, conveniently of the military type (e.g.,
cruisers, patrol boats, corvettes, etc.).

[0045] Forabetter understanding of the presentinven-
tion, Figure 2 shows a block diagram schematically rep-
resenting a functional architecture of a DIRCM system
(denoted as a whole by 2) according to a preferred em-
bodiment of the present invention.

[0046] In particular, the DIRCM system 2 is installed
on an aircraft (not shown in Figure 2) and comprises:

* amaster DIRCM subsystem 21, that includes a first
DIRCM manager 211, a first thermal tracker 212, a
first laser unit 213, and a self-protection (SP) suite
manager 214; and

* aslave DIRCM subsystem 22, that includes a sec-
ond DIRCM manager 221, a second thermal tracker
222 and a second laser unit 223.

[0047] In detail, the first DIRCM manager 211 is con-
figured to control operation of the first thermal tracker
212 and of the firstlaser unit 213, the first thermal tracker
212 (which conveniently includes arespective IRimaging
device) is operable to track threats, the first laser unit 213
is operable to generate laser beams used for IR coun-
termeasures, the second DIRCM manager 221 is con-
figured to control operation of the second thermal tracker
222 and of the second laser unit 223, the second thermal
tracker 222 (which conveniently includes a respective IR
imaging device) is operable to track threats, the second
laser unit 223 is operable to generate laser beams used
for IR countermeasures, and the SP suite manager 214
is configured to control operation of the whole DIRCM
system 2.

[0048] Preferably, the SP suite manager 214 is a soft-
ware-implemented function, which is implemented only
in the master DIRCM subsystem 21, and which is in
charge of:
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* interfacing with a MWS 3 installed on the aircraft and
with an on-board command and control system (not
shown in Figure 2) of the aircraft; and

* coordinating activation and operation of the master
and slave DIRCM subsystems 21 and 22 according
to a predefined, reprogrammable designation logic,
that is conveniently stored on a reprogrammable ta-
ble.

[0049] In particular, in use, the designation of the mas-
ter and slave DIRCM subsystems 21 and 22 is conven-
iently decided by the SP suite manager 214 on the basis
of a current threat scenario provided by the MWS 3 and
of a current engagement state of the master and slave
DIRCM subsystems 21 and 22. To this end, a software-
implemented, reprogrammable table is preferably used,
where it is possible to define any threat scenario and any
engagement state considered of interest, along with the
corresponding designation commands for the master
and slave DIRCM subsystems 21 and 22 (i.e., for the
DIRCM turrets).

[0050] Therefore, the use of a software-implemented,
reprogrammable table renders the DIRCM system 2 flex-
ible, easily (re)programmable by electronic warfare (EW)
operators with their own designation rules and, thence,
fully customizable.

[0051] Moreover, it is worth noting also that the use of
the aforesaid table storing/defining designation com-
mands depending on threat scenario and engagement
state substantially wipes out decision time of the SP suite
manager 214, since the latter has only to read the table
without carrying out any designation-oriented process-
ing.

[0052] Conveniently, the first thermal tracker 212 and
the first laser unit 213 are integrated into one and the
same first steerable turret (not shown in Figure 2), while
the second thermal tracker 222 and the second laser unit
223 are integrated into one and the same second steer-
able turret (not shown in Figure 2), wherein said first and
second turrets are installed on the aircraft in different
positions (for example, they can be conveniently located
in the same positions as those of the DIRCM turrets 11
and 12 on the aircraft 1 shown in Figure 1).

[0053] Moreover, the above functions of the first
DIRCM manager 211 and of the SP suite manager 214
could be conveniently implemented:

* by one and same electronic control unit, that is pro-
grammed to implement said functions, and that is
integrated into said first steerable turret or installed
in another position on the aircraft; or

* by afirst electronic control unit and a second control
unit that are connected to each other and pro-
grammed to implement the functions, respectively,
of the first DIRCM manager 211 and of the SP suite
manager 214; wherein the first electronic control unit
can be integrated into said first steerable turret or
installed in another position on the aircraft, and the
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second control unit can be integrated into said first
steerable turret orinstalled in another position on the
aircraft.

[0054] Also the functions of the second DIRCM man-
ager 221 can be conveniently implemented by a respec-
tive electronic control unit integrated into the second
steerable turret or installed in another position on the
aircraft.

[0055] Accordingtoan aspect of the presentinvention,
in order to identify which turret is to be designated to a
specific target reported by the MWS 3, the FOR of the
DIRCM system 2 is divided into different regions.
[0056] In this connection, Figure 3 shows an example
of field of regard (FOR) divided into six regions upon the
assumption that a twin turret configuration is used for the
DIRCM system 2 (such as that one shown in Figure 1),
wherein a left turret is located on a left side of the aircraft
(as the turret 12 shown in Figure 1) and a right turret is
located on a right side of the aircraft (as the turret 11
shown in Figure 1).

[0057] In particular, in the example shown in Figure 3
the FOR of the DIRCM system 2 includes:

e a "Left Turret Region" where only the left turret is
designated;

* a'"LeftHandover Region", wherein, if athreat already
countered by the right turret reaches this region, the
handover to the left turret is triggered;

e a'"Left Overlap Region" where a threat is countered
by the left turret and tracked by the right turret, if
available (i.e., if the latter is not already countering
another threat);

* a"Right Overlap Region"where a threat is countered
by the right turret and tracked by the left turret, if
available (i.e., if the latter is not already countering
another threat);

* a "Right Handover Region", wherein, if a threat al-
ready countered by the left turret reaches this region,
the handover to the right turret is triggered; and

¢ a'"Right Turret Region" where only the right turret is
designated.

[0058] The idea of designating both turrets in overlap
regions, one jamming the threat and the other one only
tracking it, is intended to cope with turret handover of
threats. More specifically, since in the Left and Right
Overlap Regions the tracking-only turret is already track-
ing the threat while it can receive an handover command,
the turret handover occurs with no delay (in fact, said
tracking-only turret is already on its target).

[0059] Moreover, itis worth notingthat, in order to guar-
antee non-destructive interference between the two la-
sers in the Left and Right Overlap Regions, the tracking-
only turret should, theoretically, keep its laser turned off.
But, in this case, with current laser technologies, the laser
activation could last tens to hundreds of milliseconds,
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thereby hindering continuity of the jamming code emis-
sion during handover.

[0060] Therefore, in order to avoid laser interference
and, at the same time, to guarantee the laser on target
as fastas possible, in the Left and Right Overlap Regions
the laser of the tracking-only turret is turned on, but it is
steered away from the target.

[0061] In this connection, Figure 4 shows an aircraft
(denoted as a whole by 4), which:

¢ isequipped with aleft DIRCM turret 41, that includes
the master DIRCM subsystem 21 and is installed on
a left side of said aircraft 4;

* is equipped with a right DIRCM turret 42, that in-
cludes the slave DIRCM subsystem 22 and is in-
stalled on a right side of said aircraft 4; and

e is under the threat of an IR-guided missile 5 that is
in the Left Overlap Region.

[0062] In other words, the missile 5 is countered (i.e.,
tracked and jammed) by the left DIRCM turret 41 and
tracked by the right DIRCM turret 42, while the laser of
said right DIRCM turret 42 is aimed away from said mis-
sile 5 (specifically, the aiming point of the laser of the
tracking-only right DIRCM turret42is setoutside the laser
beam divergence).

[0063] Inthisrespect, Figure 4 shows alsothe jamming
laser beam (denoted as 43) that is emitted by the left
DIRCM turret 41 and is aimed at the missile 5 to jam the
latter, along with the laser beam (denoted as 44) that is
emitted by the right DIRCM turret 42 and is not aimed at
the missile 5.

[0064] Additionally, Figures 5 and 6 show examples of
IR pictures captured, respectively, by the right DIRCM
turret 42 and the left DIRCM turret 41 (in particular, by
the respective IR imaging devices used to track the mis-
sile 5) in the scenario shown in Figure 4.

[0065] Therefore, if handover between the left DIRCM
turret41 and the right DIRCM turret 42 is to be performed,
the laser of said right DIRCM turret 42 is on the missile
5 very rapidly only by changing its aiming point.

[0066] Furthermore, once the right DIRCM turret 42
becomes the countering system (i.e., in case of threat
handover), the SP suite manager 214 master unit con-
veniently commands the jamming code index from which
the right DIRCM turret 42 shall start reproducing the jam-
ming code, thereby guaranteeing jamming code continu-
ity during handover.

[0067] The advantages of the present invention are
clear from the foregoing.

[0068] In particular, it is worth highlighting the fact that
the present invention allows to improve the level of effi-
cacy achievable with DIRCM systems in protecting a ge-
neric platform against enemy IR-guided missile attacks.
[0069] Moreover, the present invention defines new
coordination strategies between DIRCM turrets which
enable a multiple turret DIRCM system to be, not only,
more effective, but also to gain new features not present
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in a single DIRCM turret or in current multiple (uncoordi-
nated) turret DIRCM configurations.
[0070] Additionally, the present invention allows to:

* extend DIRCM system’s field of regard for the pro-
tection of a platform of interest;

e guarantee non-destructive interference between the
laser beams of the turrets during the jamming;

*  be effective against more than one threat simultane-
ously with programmable designation strategies;

* manage effectively the handover of the threatamong
the turrets during platform maneuvers, still guaran-
teeing the jamming code reproduction continuity on
target; and

e have a completely redundant system architecture
with capabilities to change on-the-fly the mastership
from one DIRCM subsystem to another in case of
severe malfunctioning (degraded operational
modes).

Claims

1. Method of operation of a directed infrared counter-
measure system (2) for protecting a platform (4)
against infrared-guided missiles (5), wherein said di-
rected infrared countermeasure system (2) compris-
es a plurality of directed infrared countermeasure
subsystems (21,22) operable to track and jam infra-
red-guided missiles (5); wherein the directed infrared
countermeasure subsystems comprise a first direct-
ed infrared countermeasure subsystem (21) and a
second directed infrared countermeasure subsys-
tem (22), that are installed on the platform (4) so that:

+ said first directed infrared countermeasure
subsystem (21) is operable to track and jam in-
frared-guided missiles (5) in a first coverage re-
gion;

» said second directed infrared countermeasure
subsystem (22) is operable to track and jam in-
frared-guided missiles (5) in a second coverage
region; and

* both said first and second directed infrared
countermeasure subsystems (21,22) are oper-
able to track and jam infrared-guided missiles
(5) in an overlap region, which includes a first
handover sub-region adjacent to the first cover-
age region and a second handover sub-region
adjacent to the second coverage region;

the method comprising:

«ifafirstmissile (5) isin the first coverage region,
carrying out a first tracking and jamming opera-
tion including tracking and jamming said first
missile (5) by the first directed infrared counter-
measure subsystem (21);
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« if the first missile (5) moves from the first cov-
erage region to the overlap region, carrying out
a first overlap operation including

- keeping carrying out the first tracking and
jamming operation, and

- starting tracking said first missile (5) also
by the second directed infrared counter-
measure subsystem (22); and,

«if thefirstmissile (5) in the overlap region enters
the second handover sub-region, carrying out a
first handover operation including

- keeping tracking said first missile (5) by
the second directed infrared countermeas-
ure subsystem (22),

- starting jamming said first missile (5) by
said second directed infrared countermeas-
ure subsystem (22), and

- stopping carrying out the first tracking and
jamming operation.

2. The method of claim 1, wherein the first directed in-

frared countermeasure subsystem (21) includes:

« first tracking means (212) operable to track in-
frared-guided missiles (5) in the first coverage
region and in the overlap region; and

« first laser means (213) operable to emit laser
beams to jam infrared-guided missiles (5) in the
first coverage region and in the overlap region;

wherein the second directed infrared countermeas-
ure subsystem (22) includes:

« second tracking means (222) operable to track
infrared-guided missiles (5) in the second cov-
erage region and in the overlap region; and

» second laser means (223) operable to emit la-
ser beams to jam infrared-guided missiles (5) in
the second coverage region and in the overlap
region;

wherein the first tracking and jamming operation in-
cludes:

« tracking the first missile (5) by the first tracking
means (212); and

 emitting a first laser beam aimed at the first
missile (5) by the first laser means (213) thereby
jamming said first missile (5);

wherein the first overlap operation includes starting:
« tracking the first missile (5) by the second track-

ing means (222); and
» emitting a second laser beam by the second
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laser means (223), wherein said second laser
beam is not aimed at said first missile (5);

and wherein the first handover operation includes:

* keeping tracking the first missile (5) by the sec-
ond tracking means (222); and

+ aiming the second laser beam at the first mis-
sile (5) thereby starting jamming said first missile
(5) by the second laser means (223).

The method of claim 2, wherein the first laser beam
is modulated according to a first jamming code; and
wherein the first overlap operation includes starting
emitting a second laser beam that is modulated ac-
cording to said first jamming code and is synchro-
nized with said first laser beam.

The method according to any claim 1-3, wherein the
firstoverlap operationis carried out only if the second
directed infrared countermeasure subsystem (22) is
not countering any missile.

The method according to any preceding claim, fur-
ther comprising:

« if the first missile (5) moves from the first cov-
erage region to the second coverage region,

- stopping carrying out the first tracking and
jamming operation, and

- starting tracking and jamming said first
missile (5) by the second directed infrared
countermeasure subsystem (22).

6. The method according to any preceding claim, fur-

ther comprising:

«ifa second missile (5) isin the second coverage
region, carrying out a second tracking and jam-
ming operation including tracking and jamming
said second missile (5) by the second directed
infrared countermeasure subsystem (22);

«ifthe second missile (5) moves from the second
coverage region to the overlap region, carrying
out a second overlap operation including

- keeping carrying out the second tracking
and jamming operation, and

- starting tracking said second missile (5)
also by the first directed infrared counter-
measure subsystem (21); and,

« if the second missile (5) in the overlap region
enters the first handover sub-region, carrying

out a second handover operation including

- keeping tracking said second missile (5)
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by the first directed infrared countermeas-
ure subsystem (21),

- starting jamming said second missile (5)
by said first directed infrared countermeas-
ure subsystem (21), and

- stopping carrying out the second tracking
and jamming operation.

7. The method of claim 6, wherein the first directed in-

frared countermeasure subsystem (21) includes:

« first tracking means (212) operable to track in-
frared-guided missiles (5) in the first coverage
region and in the overlap region; and

« first laser means (213) operable to emit laser
beams to jam infrared-guided missiles (5) in the
first coverage region and in the overlap region;

wherein the second directed infrared countermeas-
ure subsystem (22) includes:

« second tracking means (222) operable to track
infrared-guided missiles (5) in the second cov-
erage region and in the overlap region; and

+» second laser means (223) operable to emit la-
ser beams to jam infrared-guided missiles (5) in
the second coverage region and in the overlap
region;

wherein the second tracking and jamming operation
includes:

« tracking the second missile (5) by the second
tracking means (222); and

+ emitting a third laser beam aimed at the second
missile (5) by the second laser means (223)
thereby jamming said second missile (5);

wherein the second overlap operation includes start-
ing:

« tracking the second missile (5) by the first track-
ing means (212); and

+ emitting a fourth laser beam by the first laser
means (213), wherein said fourth laser beam is
not aimed at said second missile (5);

and wherein the second handover operation in-
cludes:

* keeping tracking the second missile (5) by the
first tracking means (212); and

+ aiming the fourth laser beam at the second
missile (5) thereby startingjamming said second
missile (5) by the first laser means (213).

The method of claim 7, wherein the third laser beam
is modulated according to a second jamming code;
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and wherein the second overlap operation includes
starting emitting a fourth laser beam that is modulat-
ed according to said second jamming code and is
synchronized with said third laser beam.

The method according to any claim 6-8, wherein the
second overlap operation is carried out only if the
first directed infrared countermeasure subsystem
(21) is not countering any missile.

The method according to any claim 6-9, further com-
prising:

«ifthe second missile (5) moves from the second
coverage region to the first coverage region,

- stopping carrying out the second tracking
and jamming operation, and
- starting tracking and jamming said second
missile (5) by the first directed infrared coun-
termeasure subsystem (21).

Directed infrared countermeasure system (2) for pro-
tecting a platform (4) against infrared-guided mis-
siles (5), said directed infrared countermeasure sys-
tem (2) comprising a plurality of directed infrared
countermeasure subsystems (21,22) operable to
track and jam infrared-guided missiles (5); wherein
the directed infrared countermeasure subsystems
comprise a first directed infrared countermeasure
subsystem (21) and a second directed infrared coun-
termeasure subsystem (22), that are installed on the
platform (4) so that:

+ said first directed infrared countermeasure
subsystem (21) is operable to track and jam in-
frared-guided missiles (5) in a first coverage re-
gion;

+ said second directed infrared countermeasure
subsystem (22) is operable to track and jam in-
frared-guided missiles (5) in a second coverage
region; and

* both said first and second directed infrared
countermeasure subsystems (21,22) are oper-
able to track and jam infrared-guided missiles
(5) in an overlap region, which includes a first
handover sub-region adjacent to the first cover-
age region and a second handover sub-region
adjacent to the second coverage region;

said directed infrared countermeasure system (2)
being configured to carry out the method of operation
as claimed in any preceding claim.

The directed infrared countermeasure system of
claim 11, further comprising a managing unit (214),
that is:
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» coupled to a missile warning system (3) in-
stalled on the platform (4) to receive threat-re-
lated data indicating a threat scenario; and

« configured to coordinate activation and oper-
ation of the directed infrared countermeasure
subsystems (21,22) on the basis of the received
threat-related data.

The directed infrared countermeasure system of
claim 12, wherein the managing unit (214) is pro-
grammed to operate the directed infrared counter-
measure subsystems (21,22) on the basis of:

« the threat scenario indicated by the received
threat-related data;

* a current state of the directed infrared coun-
termeasure subsystems (21,22); and

« a predefined designation logic indicating, for a
predefined set of threat scenarios and directed
infrared countermeasure subsystem states, cor-
responding ways of operating the directed infra-
red countermeasure subsystems (21,22).

Platform (4) equipped with the directed infrared
countermeasure system as claimed in any claim
11-13.

The platform of claim 14, wherein said platform is a
land platform or vehicle, or an avionic platform (4),
or a naval unit.
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